Highly confined light fields demonstrate peculiar phase features, e.g., Gouy phase anomaly. Longitudinal-differential phase measurements by a high-resolution interference microscope are applied to investigate phase evolutions of confined light fields for physical optical phenomena.
Introduction
The Gouy phase anomaly is the axial phase shift observed for a convergent optical beam when measuring along the optical axis through a focus. It is named in honor of Gouy's discorvery [1] [2] [3] . In his original experiments, the light diverging from a point source was reflected from a planar and a concave mirror and the two beams from each mirror were overlapped in order to form interference fringes. In such a situation circular fringes appear and the central fringe was found to change from dark to bright, or vice verse, at observation planes just before or after the focal point. This change of intensity indicates a π phase shift when passing through the focus [3] . Numerous observations of such a phase anomaly in different types of focused beams have been reported, for example, in non-diffracting Bessel beams [4] , in Laguerre-Gaussian (LG) beams [5] , and radially polarized beams [6] . In addition to the highly focused optical beams, surface plasmon-polaritons [7] and matter waves [8] also exhibit such a phase anomaly.
In this work, we experimentally investigate the axial phase shift for two particular physical optics experiments: the scattered hotspot that is termed photonic nanojet [9] and a diffractive hotspot that is well-known as the spot of Arago [3, 10] .
Experimental setup
For our study we employ the high-resolution interference microscope (HRIM) to measure amplitude and phase in the entire three-dimensional (3D) space. The details of the experimental setup are reported in our previous works [11] [12] [13] [14] . All experimental and theoretical investigations were performed at a single wavelength of 642 nm (CrystaLaser: DL640-050-3). Since measurements of amplitude fields are subject to the diffraction limit of the observation system, we use a high numerical aperture objective 100X/NA0.9 (Leica Microsystems, HC PL FLUOTAR) in order to obtain high resolution. The HRIM allows us to measure the longitudinal-differential phase compared to a propagating plane wave by scanning the sample. The plane wave is considered as a constant during such axial scans.
For the photonic nanojet, microspheres are made of borosilicate glass and purchased from Duke Scientific Inc. Their refractive index is 1.55 at 642 nm and their diameter is 2 μm. Spheres are dispersedly deposited on the glass substrate and well isolated. For the spot of Arago, a Cr disc of diameter 4 µm and thickness 150 nm is employed and forms a well-defined circular obstacle.
Results and discussions
The measured phase distribution in the x-z plane of the photonic nanojet is shown in Fig. 1(a) . The dark circle indicates the sphere. Outside of the sphere it is assumed that a plane wave propagats without perturbation. The axial phase profiles from measurements and simulations are shown in Fig. 1(b) . Simulations are made by Mie-scattering theory and Fourier optics. The axial phase evolution relative to the propagating plane wave traveling beside the sphere, demonstrates a shift of about π when passing through the point of peak intensity. For the first time the existence of the Gouy phase anomaly in such scattered hotspots could be confirmed [14] . In our presentation we will discuss more details of the experiment. A bright spot is formed by constructive interference of diffracted light from the rim of the circular obstacle behind an opaque obstacle. Due to the fact that such diffracted light travels other optical path compared to the propagating plane wave along the zaxis, the phase of such a bright spot varies along the distance from the obstacle. The phase can be calculated by considering the optical path difference (OPD) between a plane wave along the z-direction and the diffracted waves from the rim. With the disc of radius r one finds the optical path as (r 2 + z 2 ) 1/2 and the distance to the disc which is just z. We find the path difference as 
This effect can be interpreted as Superluminal phase propagation [15] . We use the same measurement principle as for the photonic nanojet. The results are shown in Fig. 2 , and the profile of the axial phase from Eq. (1) is plotted with the experimental result in Fig. 2(b) for comparison. To the best of our knowledge these are the first measurements of such phase profiles for Arago spots created with micrometer-size objects. We will give details on this measurement and discuss limitations of our method. , and the open squares correspond to the measurement in Fig. 2(a) .
